Abstract
INTRODUCTION
Safe and effective anesthesia in reptiles is a requirement for procedures that include the physical examination of large or dangerous specimens, taking samples for laboratory examinations, imaging examinations, and last but not least for different surgical procedures. Anesthetic management of the reptilian patient, including the design of the anesthetic protocol, is challenging due to multiple anatomical and physiological features. Successful anesthesia in reptiles requires patience, confidence, and good knowledge of the physiology of both healthly and ill patient. The response to common anesthetic groups and doses know a large interspecific variability with frequent individual differences. Usually anesthetic and analgesia protocols, including monitoring techniques to assess cardio-pulmonary function used in domestic animals, are also used in these patients (Mader et Divers, 2014) . In any case, literature data draws attention to the fact that the value of monitoring techniques is limited and the results have to be interpreted with caution because often the values obtained are erroneous. In 2014, Mader and Divers in their book "Current Therapy in Reptile Medicine & Surgery" stated that more research is needed in the area of reptile anesthesiology, including determining normal values of cardiorespiratory performance and their positive or negative changes in response to anesthesia. Even if the reptiles and mainly the snakes are not an ordinary pet, in the last years we have found that snakes become also part of the casuistry of the Surgery Clinic of the FMV Timisoara. If, on the one hand, customers become more aware of the needs of their reptile companions, on the other hand, it is important that veterinarians to develop their education in the field of reptile medicine, especially if they intend to attract in their clinics these customers. In the present paper work our purpose was to monitor and report the length of anesthetic times, including recovery, and the efficiency of xylazine-ketamine-isoflurane anesthesia in constrictor snakes.
MATERIALS AND METHODS
The study was conducted on a number of 5 non-venomous snakes belonging to different species of both genders and weighing between 1.3 kg and 4 kg (Table 1) , in which premedication was made by injection using the mixture xylazine (Xylazin Bio, Bioveta SA) 1 mg/kg + ketamine (Ketamin, CP-Pharma) 10 mg/kg administrated by IM way in paravertebral muscles of the anterior body half (Figure 1) , followed by mask induction with isoflurane 4% (Anesteran, S.C. ROMPHARM COMPANY S.R.L) in oxygen after aproximately 15-20 minutes using an semi-closed respiratory circuit with a minimum oxygen flow of 1-1.5 l/minute (Figure 2 ). After endotracheal intubation isoflurane in 1-2% concentration was used for anesthesia maintenance. During general anesthesia the ventilation was manually assisted, even if patient had spontaneous breaths, at a respiratory rate of 4 breaths/minute and at a breathing pressure of maximum 10 mmHg. The following anesthesia times were recorded for all animals: -length of inhalation induction T0-T1 -the time elapsed from the connection to anesthesia machine until the relaxation of paravertebral muscles; -length of surgical anesthesia T1-T2 -characterized by lack of spontaneous movement of the body and at least two of the following items checked at 5 minutes: tail relaxation; lack of spontaneous head movements; disappearance of the cloacal reflex (tail movement at cloacal pinch); tongue without tonus, the lack of oscillatory tongue-flicks; -recovery from anesthesia T2-T3 -characterized by at least two of the following: restoration of the tonus in the tail region, tail coils movements at pressure tactile stimuli, spontaneous movements of the head or body, return of the righting reflex, exteriorization of the tongue from the mouth; -complete awakening, moment T4 -all reflexes are present, patient with spontaneous movements. During surgical anesthesia, the cloacal temperature (thermistor probe of Edan IM 9 monitoring device) and the presence of heart rate (by palpation) were monitored. 
RESULTS AND DISCUSSIONS
In none of the six anesthesia there were accidents, all the animals survived. Maintenance status before anesthesia and surgery was considered unsatisfactory in 3 of the individuals (cases 1, 2 and 3) and good for only 2 animals (cases 4 and 5). The effect of injectable premedication became visible in 83,3% of cases in approximately 20 minutes and allowed induction of narcosis on the mask with minimal stress of the animal through restraining maneuvers. Even if forced of oral cavity and endotracheal intubation would have been possible, the animals showed vigorous movements of the body. The duration of induction, T0-T1 time interval, ranged within 14-30 minutes. Surgical anesthesia, T1-T2 interval, was characterized by the disappearance of all tested reflexes. Immediately after end of the surgical procedure the animals were detubbed. The T1-T2 range ranges from 25 to 50 minutes. The recovery from anesthesia lasts from 35 to 140 minutes. All patients during awakening were physically stimulated by frequent body position changes and slight skin and tail pinches. The room temperature in which the patients woke up was below the optimal thermal limit by 2 to 4 0 C and the cloacal temperature by 0.1-0.3 0 C below it. The heart rate during general anesthesia ranged between 23-44 beats/minute which corresponds to data from studies conducted on 20 species of snakes which indicates that anesthetized snakes at a temperature of 25 0 C have an average heart rate of 60 beats/minute with limits between 25 and 90 (Mullen, 1967) . The length of induction found in these six anesthesia is comparable to the data reported in other publications (between 6 to 20 minutes) (Bennet, 1996) , with those obtained from black rat serpent (Elaphe o. Obsoleta) (mean of 12.6 minutes, with limits between 10-17 minutes) (Blouin-Demers et al., 2000) , but longer than the reported data in a study conducted on Python regius (7 ± 4.15 minutes) (McFadden et al., 2011) . In contrast to the present paper work, to maintain the surgical anesthesia necessary for the opening of the celiac cavity isoflurane, in the study conducted by BlouinDemers et al., 2000 , was provided at a concentration of 5%. In our study cutaneous incisions, tissue excisions or surgical debridement did not require increased isoflurane concentration. It should be noted that there is no currently available a system to determine the depth of anesthesia in reptiles (Mader et Divers, 2014) , so we were guided mainly by the presence/absence of reaction to painful stimuli, assessment of tail tone considered to be a useful way to establish the depth of anesthesia in snake (Longley, 2008) and the response to different reflexes tested. Up to now, the MAC (minimal alveolar concentration) value for isoflurane and sevoflurane was not determined for any species of snake, but data from other reptiles suggest that it would be around 2 and 3% respectively (Hernandez-Divers, 2008) . Concentrations of 1 to 2% of isoflurane used to maintain general anesthesia have been effective to provide optimal conditions for surgery, perhaps also because premedication reduces the MAC value. Although during general anesthesia the ventilation was assisted, due to the fact that intercostal and smooth intrapulmonary muscles are affected by anesthetics and are responsible, in the absence of diaphragm in reptiles, of lung volume and intrapulmonary pressures (Bouts and Gasthuys, 2002; Goldworm, 2010) , after sedation, during induction and general anesthesia maintenance apnea was not observed in any patient. During awakening the supplementation of inspired air with oxygen was not be performed in none of the patients, based on the information that in snake hypoxemia increases respiratory rate rather than hypercapnia (Schumacher, 2003) and therefore an increased inspiratory oxygen concentration during the anesthetic wake-up period will suppress the respiratory spontaneous movements and thus contribute to prolonging the awakening by impeding respiratory removal of the inhaled anesthetic. The longer recovery from anesthesia in patients 1, 2 and 3 (over 90 minutes) is the cumulative result of premedication, poor maintenance status and concurrent disease (respiratory infection in case 1). Duration of awakening in two patients (case 4 -40 minutes and case 5 -35 minutes) is comparable to literature data estimating a recovery from inhalation anesthesia of 30-60 minute (Bennet, 1996) . A study conducted on python in which propofol was used for induction and maintenance was assured by inhalation, shows a recovery considered long, of 45.9 ± 14.1 minutes (McFadden et al., 2011) . The premedication used in this paper is therefore responsible for the extent of awakening at which cumulates the effect of ambient temperature. Ensuring optimal ambient temperature during recovery is an important element, which we have not been able to accomplish, as reptiles have a reduced metabolism of about 25-35% of that of mammals of comparable size and normal physiological functions, including metabolism of anesthetics and healing, depend on temperature, being about 7 times slower compared to a mammal of comparable size (Alworth et al., 2011) . In the studied literature we did not find data on xylazine anesthesia in snake, so in the choice of the dose we have focused on the dosing interval generally recommended for reptiles, between 0.1-6 mg / kg (Bouts and Gasthuys, 2002) . With regard to ketamine, it was administered at a lower dose than the recommended dose because some individuals after ketamine administration are reported to be awakening even for days (Bouts and Gasthuys, 2002; Johnson) . The dose used in all subjects of this study, 10 mg / kg, is four times lower than the recommended dose for minor surgical procedures in small snakes (Sawyer, 1982) . Sub-anesthetic doses of ketamine produce analgesia and facilitate handling by inducing a profound immobilization effect, ie a state of "catalepsy" (Mosley, 2006) . Even though the data obtained by us regarding anesthesia on the two species of snakes are near, and anesthesia was carried out without complications or accidents, does not necessarily mean that will be safe for other species (aquatic, arboric, terrestrial), therefore anesthesia procedure used can not be extrapolated under safety conditions to other species. For the future, its validation in boa constrictor and royal python requires the use of a larger number of individuals, as well as the testing of efficiency for a wider area of surgical interventions, including in surgeries that require the opening of the celomic cavity.
CONCLUSIONS
The combination of xylazine-ketamineisoflurane ensures the achievement of surgical anesthesia plan and immobility and optimal conditions for surgeries performed in the oral cavity, at cutaneous level or for hemipenis amputation in Phyton regius and Boa constrictor. The length of induction, surgical anesthesia and recovery from anesthesia fall within the limits recorded in literature concerning reptile. The lack of oxygen supplementation during awakening did not lead to accidents.
